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SUMMARY

Lateral andlongitudinal codmstion-pressureoscillations that
occurredin screamingcombustionofa MOO-pound-thrustrocketengine
usingwhitefumingnitricacidandW-4 fuelaspropellantsweresuc-
cessfullypreventedby meansoflongitudinalfinsintheconibustion
chaniber.Finpositionwascritical,andcompleteattenuationwab
achievedonlywhenthefinswereloca,tedina zoneapproximately8 to

“r-l 16 inchesfromthein~ector.Finslocatedinotherzones,thatis,nesr ~
~ theinjectororfardoynstresnfrom’theinjector,didnotstoptheOS- :

collations. ,-
Whenoscillationsoccurredinfinnedchambers,thelongitudinal

modeseemedmoredominantthanthelateralmode;in chauiberswithout
fins,thelateralmodetendedtobe dominant.Thelateraloscillation
wasdistortedanditsintensitydiminishedby thefins. Fins,however,& didnotaffectthefrequencies;thelongitudinalfrequencyvariedin-
verselywithchsmberlength,andlateralfrequenciesvariedonlyslightly
fromanaverageof 6003cyclesyersecond..4

INTRODUCTION

Screaming(high-frequencyconihstion-pressureoscillations)causes
destructiveburnoutsofrocketenginesbecauseofabnormallyhighheat-
transferrates,Theunpredictablesuddenburnoutshavespurredexperi-
mentalworkwhichcansorwtimesdeterminethedesigncriterianecesssry
topreventscreamingina particularengine.Thesolutions,however,
havenotbeenappllca~leto otherengines.Therefore,a moregeneral
solutionishighlydesirable.

Theoreticalanalyses(ref.1)haveindicatedthesreasofexperi-
mentalattackontheproblemof screszning.Experimentally,various
combustionoscL1.lations(refs.2,3,4, 5,and6)havebeencorrelated
withacousticmodes.Erosionstudies,coupledwithphotographicevidence.
(ref.5),haveshownthattheIateralrotarymodeisverydestructive.
Thesestudiesalsoindicatedthatthestronglateraloscillationswere

.
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precededby stronglongitudinaloscillations.However,thecorrelation
betweentherotarymodeandthelongitudinalmodewasnotestablished.

.

Inadditionto studiesof combustionoscillationphenomena,methods
forattenuatingoscillationsarereceivingattention.Theintroduction
ofphysicalbarriers,changesininjectorconfigurationor combustion- —
chanibergeometry,oralterationofthepropellantchemicalcomposition
arepossiblemeanstopreventoravoidscreaming.References7 and8,
forexsmple,giveresultsofusingacousticalabsorbersandof changes
ininjectorconfigurationonattenuatingoscillations.Inturbojet 8
afterburners(ref.6),perforatedlinershaverecentlybeenusedsuc- $
cessfullytopreventdestructive“screech”,ashigh-frequencycombus-
tionoscillationsaretermedintheafterburnerfield.

Thisreportpresentstheresultsofusingfinsorbsfflesinthe
combustionchambertopreventscreaming.Itwasassumedthattheseftns
orbaffleswouldstronglydampthelateralmodesand,atthessmetime,

.—

upsetanyinteractionthatmightexistbetweenlongitudinalandlateral
—

modes.Consequently,inthisinvestigation,longitudinalfinswereused
forthispurposeina 1000-pound-thrustrocketengineusing whitefuming

:

nitricacidandJP-4fuelaspropellants._.Streakphotographsshowthe
unattenuatedoscillationsas viewedthroughwindowslitsinthecombus-
tion‘chatier.Windowslitswereusedbothparallelandperpendicularto
thechamberlongitudinalaxis.Thesepicturesarecomparedwithsimilar
picturesinwhichfinspreventedscreaming.Topermitvalidcomparisons,
engineoyeratingconditionswerekeptreasonablyconstantforallruns.

Inadditionto attemptsat attenuation,somerunsweremadeto de-
.

terminetheeffectof chariberlengthonbothlateralandlongitudinal
modes.Theserunsdidnothaveattenuatingfinsandwereusedforcom- *
parisonwithrunsusing fins.

EQUIPMENT

Engine.- Therocketenginewasdesigned
300-pounds-per-square-inchchaniberpressure.

for1000-poundthrustand
Itwasa 4-inch-diameter

cylindrical”comb~tionchamberequippedwitha tripletinjectoranda
—

convergent-divergentnozzie.

Thecotiustionchsmberhadinterchangeablesectionsforvarying
thechemberlength.Figure1 isa disconnectedasseuiblywhichshows
thebasicrocket-engineparts.Threeplastic-linedcylinders(14,20,
and26in.long)wereslottedaxiallyforobtaininglongitudinalstreak
photographs.Figure2 showsa moredetaihdviewofthe20-inch-long-
cylinder. .

.
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Lateral-streakphotographswereobtainedwiththeequipmentshow
infigure3. Thewindowforlateral-streakviewswasa l/4-inchplastic
diskmountedperpendiculartothechamberaxis.Thepositionofthe
plasticdiskwasvariedby interchangingvariouslengthcylinders.Two
ofthecylindersareshowninthedisconnectedassenibly;thecylinder
neartheinjectorcontainsfinswhichareshownmoreclearlyidfigure4.

Theuncooledfinsweremadeof steel.barstock(1-by l/2-in.).
Formostofthe.workthefinswere4 incheslong. Ina fewinstances,
2-and3-inch-longfinswereusedand,inonecase,thefinswere4 by
1/2by 1/2inch.

Injector.- Theinjector,showninfigure5,wasanannulsr-triplet
designwithtwooxidantstreamsimpingingon onefuelstream.Thesame
injectorwasusedinreference5 anddescribedtherein.

F-F- -Inallcases,theoxidantwaswhitefuntngnitricacid WFNA thatmetMILM&34 specifications.ThefuelwasJP-4.To
obtaina self-ignitingstart,furfurylalcoholleadsprecededthein-
jectionofJT-4fuel.

Instrumentation- conventional.- Rocket-enginethrust(accuracy
of i2percent)wasmeasuredlya strain-gageloadcell.Propellant
flows(accuracy,*5percent)weremeasuredwithorificeseq~pped~th
strain-gagedifferential-pressuretransducers.Propellantflowwasalso
measuredby rotating-vane-typeflowmeters.Chafberstaticpressurewas
measuredby a strain-gagetransducer(accuracy,+5percent)andby a“
Bourdonttie.

Instrumentation- camera.- Streak~hotographywastheprimaryf
meansforindicatinganduasuringscreamingphenomena.Forobtaining
longitudinalstreakrecords,thecamerawasorientedsothatthefilm
wouldmoveperpendiculartothewindowslit;consequently,thefilm
movedPerpendicularto thepropellantgasmotionandrecordedonthe
filmas a diagonallineresultingfromtheconibinedfilmandgasmotions.
Figure6 showsa schematicillustrationofthelongitudinal-streakpho-
tographymethod.

Forlateral-streakphotography,thecamerawasrotated90°sothat
thewindowslitremainedperpendiculartothedirectionofrilmmotion.
Inthiscase,the

Inallcases
wasapproximately

Therocketwas
cordinginstruments

gasmotionwas-paralleltothefilmmotion.

thefilmwas18millimeterswideandthefilmspeed
75feetpersecond.

OPERATIONALPROCEDURE

operatedby thefollowingprocedure:Auton&icre-
wereturnedon;theacidpropellantvalvewas

CONFIDENTIAL
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opened;whentheentranceofacidintothechamberwasobserved,the
moving-filmcamerawasturnedonandthefuelpropelJ.antvalvewasop-
ened. Ignitionwasspontaneouswiththefurfurylalcoholsluglead.
Thepropellantflowswereregulatedby thepropellant-tankpressuresto
maintainconstantchatierpressureandoxidant-fuelratio.

RESULTS

EnginePerformance

Whenscreamingcombustionoccurred,thescreamstsrtedafterap-
proximately1 secondofoperationduringthechangefromf~furylal-
coholto JP-4fuel.Theenginewasallowed.tocontinuescreamingfor
1 to 3 seconds.Whensmoothcombustionwasobserved,therocketwas
runfora periodofupto 8 seconds.A summryoftheperformancedata
isgivenintable1.

Theplot(fig.7)of characteristicvelocityC* whichisdefined
as

where

Pc chamberpressure,lb/sqin.abs.

+ throat-area,sqin.

g gravitationalconstant

‘t totalpropellantflow,lb/see

againstoxidant-fuelweightratio O/F showstherandomscatter,within
experimentalerror,ofthedataofmostruns.Therunswithextensive _
plasticerosionweresimilarto thoserunsusingthesteelchamber,ex-
ceptthatthethrustoftheplastic-linedchamberswassomewhathigher
ontheaveragethanthesteel-chaniberthrust.Thisdeviationhayhave
beenduetotheindefiniteaddedmassflowoftheplastic.

The C* datashowno correlationwithchamberlength.Also,the
incidenceofscreamshowednomarkedeffectonperformance.Thisap-
pearscontraryto otherdataofthislaboratorywherescreamingcombus-
tionusually,butnotalways,gavesuperiorperformancetothatof
smoothcombustion.

*
-..

—

_..-

“6-
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ObservationsWith

->.
(&J

Fins

In thepreventionof screaming,thepositionofthefinswasfound
tobe critical.In chsaibersupto 31 incheslong,bothlateraland
longitudinaloscillationswerecompletelyattenuatedby placingthefins
inthezoneapproximately8 to 16 inchesfromthein~ector.Whe”nthe
finswereplacednearthein~ectororbeyond16 inchesfromtheinjector,
theenginescreamedinmuchthesamemannerasthoughnofinswereused.

W Figure8 isa summaryofthefinpositionsintheV-ariouslengthchsm-
g hers. Theshadedfinswereeffective.Allofthefinsizesintheplot

wereidentical,as shownintheinset,exceptasminorerosionchanged
thefinshapeslightly.

To confirmtheimportanceofposition,twosetsoffourfinseach
straddledtheeffectivezone
placedneartheinjectorand
ofthe8-to 16-inchcontrol

Considerationwasgiven
reducedifthemostcritical

of a chamber23incheslong;onesetwas
theothersetwasplacedjustdownstream
zone.Theenginestillscreamed.

to thepossibilitythatfinsizescouldbe
positioncouldbe found.Twofins,instead

oftheusualfour,wereplaceddiametricallyoppositeeachothe~inthe
effectivezone,butwithno successinpreventingscreaming.Finsof
halfheight(fourfins4 in.long,1/2in.wide,and1/2in.him) were
alsofoundtobe ineffective.Half-1engthfins(fourfins2 in.long,
1/2in.wide,and1 in.high)wereineffective,buttlxree-qysrterlength
fins(fourfins3 in.long, 3/2in.wide,and1 in.him) wereSUCC~SS-

fulinonetrialina 30-inch-longchaniber.Onlya fewtrialsof smaller
finsinvsriouslengthchanibersweremadeandtheseresultssrethere-
foreinconclusive.

G WithscreamingInfinnedchanibers,as inthecaseofno fins(ref.

i2, longitudinaloscillationfreq=nciescorrelatedwiththeparameter
C /L,characteristicvelocitydividedbycoxdmstion-chsmiberlength.A
summaryplotofthevariationoffrequencywithchamberlengthis shown
infigure9. Thereferencelinesarethetheoreticticorrelationlines
forthefirst-andsecond-orderlongitudinalmodesof oscillation.The
longitudinaloscillationsappeartobe onlyofthefirstorder.Lateral
oscillationfrequencyshowedno significantdifferencefromtheoscilla-
tionfrequenciesofnonfinnedchembers,andthefrequenciesrangedbe-
tween5500and6000cyclespersecond.Thesefrequenciesagreereasonably
wellwiththefirsttangentialtransversemodewhere ~ = 0.586inthe
relation,f = c!3/2r(wheref isfrequency;c, velocityof sound;~,
constant;and r, chamberradius).

“--Streak-photographyobservations.- Typicalstreakphotographswhich
illustratetheeffectoffinpositiononthecotiustionoscillationssre. showninfigure10. Smoothcombustionthatresultedfromproperfinpo-
sitionisshowninfigure10(a).Theillustratedtypicalrun,withthe

.
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normallyexpectedscreamsatisfactorilystopped,occurredina chamber
30 incheslong;thislengthchaniberwassolongthat,withoutfins,it k:
alwaysscreamed.

Runsthatscreamedgenerallyshowedmanivariationsofoscillation
combinations.Figures10(b)and(c)show,forexample,twotypesof os-
cillationcombinationthatoccuiredduringthesamerun. Finsthatdid
notpreventscreamingshoweda strongtendencytodisturbandwsrpthe
lateraloscillations.At thesametime,thelongitudinalpulsesbecame
moreprominent.Thisobservationisderivedfroma studyofallthe 8

$photographs.

Figure10(d)isan illustrationofthedoublesetoffinsthat
straddledthecontrolzone,andthephotographshowsthepersistenceof
theoscillations.Thisphotographshouldbe.gomp~edwiththemuchlong-
er chatieroffigure10(a)inwhichscreamingwaspreventedwithonly —
onesetoffins.

ObservationsWithoutFins

of 20 runs withoutfins,onlythreedidnotscreamandallthree
nonscreamingrunsoccurredinchamberslessthan20incheslong.Scream-
ingwasobtainedinallchamberstriedandwasreadilyobtainedincham-

—

hers20ormoreincheslong.

Withonepossibleexception,longitudinaloscillationswereob-
servedineveryscreamingrun. Thefrequencies,determinedfromstreak_ .
photographs,showreasonableagreementwiththetheoreticalfirst-order
oscillation.

—

*
Lateraloscillationswereobservedatapproximately6200cyclesper

second.Sometimesthefrequencywasashigl-as6500andoccasionallyas
lowas 5800.However,studyofthelateraloscillationfrequencyfor
severalchamberlengthsshowedthatthefrequencywasunaffectedby the
lengthofthechaniberorby thelongitudinal.oscillationfrequency.

.—

Generalobservationsfromstreakphotography.- Thefollowingdis-
cussionemphasizesthatstreakphotographyisextremelyusefulinanalyz-
ingcombustionoscillationsinrocketchsmbers,butextremecaremaybe””
neededintheanalysis.Inordertobe certainthata modeofoscilla-
tionispurelylateral(cyclicpressurepulsesmovingperpendicularto
thechamberaxis)orpurelylongitudinal(cyclicpressurepulsesmoving
paralleltothechamberaxis),it isnecessarythatoscillationsrecord
as straight lines or bandsperpendicularto the film motion. Eachangu- —
lar line couldbe the resultant of two directions of motions. .

Observationsof streakphotographs.- Withtheprecedinggeneral
discussioninmind,thelongitudinaloscillationsofthisinvestigation

--
“-
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generallyrecordedas inclinedstreakswhenphotographedthrougha longi-
tudinalslit;whenphotographedthrougha lateralslit,however,the
longitudinaloscillationsrecordedasbands.Conversely,thelateral
oscillationsrecordedasbandsthrougha longitudinalslitandas in-
clinedstreaksorwavesthrougha lateralslit.Exsmplesofeachof
thesecombinationsareshownby thephotographsoffigure11. A+though
au fourexsmplesareprobablyderivedfrompureoscillations,onlyfig-
uresn(b) and(c)showperpendicularbandswhicharereliableindica-
tionsofthepurityoftheparticularnmde.

Longitudinaloscillationsseemedtorecordconsistentlyasbands
whenphotographedthrougha lateralslitand,consequently,havebeen
consideredtobe acousticallypure. Lateraloscillations,however,had
manyshapes,irrespectiveoftheviewingdirection.Themanyvariations
ofbent,tilted,andmisshapenstreaksmaybe indicationsof complicated
modesofoscillationor ofdeviateddirectionsofmotion.Figure12
showsseveralexsmplesof distortedwaves.Thetopexsnpleshowsa
tentedwavestructureatthenozzleendofthechamber.Theothertwo
showextraneouswavescausedby theinteractionofthelongitudinaland
lateralwaves.Sometriggeringinteractionsmaybe indicatedby the,
multilinealformofthelongitudinalwave.

Studyoftheslitphotographsrevealsimportantrelatedinteractions
asfollows:(1)Whenlongitudinaloscillationsstarted,stronglateral
oscillationssoonappeared(usuallywithin3 to 8 longitudinalcycles)
andthereaftercoexisted.Theselateraloscillationsalwaysinitially
appearedattheinjectorendofthechamber;succeedinglateralcydles
indicateda gradualspreadingofthewavethroughoutthechaniber.(2)
Inonlyoneoutofabout100runsdidthestronglateraloscillations
apparentlystartwithoutpriorlongitudinalpulses.(3)Lateraloscilla-
tionssometimeshadlongitudinalcomponents.(4)Informoutof stiruns
viewedthroughlongitudinalslits,a Pure~teraloscmtion ofabout
9000cyclespersecondwasfaint.lybutdistinctlyevidentpriorto the
onsetoflongitudinalpulses.Thefaintnessofthesepreliminaryoscil-
lationswouldprecludedetectioninrunsviewedthroughlateralslits.

DISCUSSION

Theenergywhichdrivesoscillationsisconsideredtobe primarily
derivedfromthecotiustionheatrelease.To avotdtheoscillations,
theenergywhichinitiatesthewavemaybe d@sipatedat itsinception
andthuspreventedfrombecomingsufficientlyconcentratedto initiate
a wave. Ontheotherhand;ifa wavehasalreadyacquiredsufficient
energytopropagate,energymaybe dissipatedata latertimeorplace
butat a fasterratethanthewavecanobtainfurtherenergy.At least
threepossiblereasonsforeffectivenessof finsmaybe hypothesized:

CONFIDENTIAL
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(1)Thefinsinterferewithlateralwavesasmightbe expectedfrom
thedesignintention.However,finsplacedtooclosetotheinjectordo

L

notdissipatetheenergywhichstartstheoscillationsbecausetheheat
releaseoccursbeyondthefins. Likewise,ifthefinsarebeyondthe
completedheat-releasezone,theoscillationpulsehasalreadyobtained
itsenergyfromtheheatrelease.Apparently,thefinsmustbe placed
inthezonewheretheheat-releaserateishighornesrmaximum.

If it isassumedthattheearly,faint,9000cycles-per-second
lateraloscillationsalwaysoccurfirstandtriggerthelongitudinalos- N
collations,whichapparentlyalwaystriggersecond-stagelateraloscilla- 3
tions,thenitisevidentthatstoppingtheesrlylateraloscillations
by finInterferencewouldalsopreventthelateroscillations.

(2)Thefinsmayserveas d~ers forthelongitudinalwaveand
theireffectivenessmaybe relatedtotheacousticmidpoint.Exceptfor
threeinstances’,thepositionsthatwerefoundtobe effectivewereat
orneartheacousticmidpoint.Theacousticmidpointisthezoneof
greatestgasmotionforthelongitudinaloscillation,andthefinsmay’ .=

providesufficientturbulenceandfrictionaldragto decreasethelongi-
tudinalwavevelocity.Thestronglateralwavesthatappearto startat
thein~ectorwhenthelongitudinalwaveref~ctsfromtheinjectorw&LL
thuswouldhaveno startingmechanism. ..

(3)Thefinsmayaffectbothmodesofoscillatioti.Thelateral
wavesmaybe dampedby directblockageby thelongitudinalfinsifthe
finsarelongenoughandhighenoughandlocatedwheretheycandissi-
pateenergy.Thelongitudinalwaves,ontheotherhand,maybe severely ‘- ‘“-
dsmpedifthefinsarelongenough’tocreatehighfrictionalresistance
andplacedwheretheycan absorbthe mostvelocity energy. If the effec- *
tive-position
coincide,the

“Arocket

ofthe-finsforbothlateraland
screamingwouldnaturallycease.

HJMMARYUFRESULTS

engineof 1000-poundsthrustand
inch chaniberpressure using l%F”NAandJT-4 fuel

lo&itud~~alwaveswould

300pounds.persquare
aspropellantswasoper-

ated underscreamingcmditions to determinethe effect of the use ~f -J
longitudinal fins for preventing screaming. The combustionchamberwas - ‘=
4 inches in diameterandhad various lengkhsfrom16 to 38 inches. The
fins were 4 inches long, 1/2inch wide, and1 fnc~hf@. FOW fins were
used simultaneouslyandaxially attachedto the ch”S,niberwall in symmetri-
cal positions equidistant fromthe injector center.

1. Fins located in.the chanibersffected the cotiustion as follows: .

(a) Fins of suitable size couldprevent both lateral andlongi-
tudinaloscillationsifplacedin

CONFIDENTIAL
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chsnibersupto 31 incheslong,namely,inthezonebetween
8 and16 inchesfromtheinjector.

(b)Finswoulddisturbthelateraloscillationsbutwouldnot
preventscreamingifthefinswereplacedneartheinjector
ormorethan 16 inchesfromtheinjector.

(c)Longitudinaloscillationsappesredtobe moredominantthan
lateraloscillations.

(d)Longitudinaloscillationfrequenciesvariedwithcha?iber
lengthaccordingto acoustictheory.

(e)Lateraloscillationfrequencieswereapproximately6000
cyclespersecondandwerenotdependentuponchsmiberlength
or longitudinaloscillationfrequency.

2.Thefollowingobservationsmadeof operationwithoutfinscon-
firmpreviouswork:

(a)Longitudinaloscillationsalmostalwaysprecededthelateral
oscillationswhichaveragedapproximately6000cyclesper
second.

(b)Lateraloscillationsappearedfirstattheinjectorendand
spreadthroughoutthechsmber.

(c)Lateralandlongitudinal
dependentofeachother.

(d)Thedirectionoflateral
thelongitudinalwaves.

frequenciescoexistedbutwerein-

wavepropagationmaybe affectedby

(e)An apparentlyweaklateralosc~ationof 9000cyclesper
secondappearedtoprecedetheentirecombinedscreaming
phenomena.

●

CONCLUDINGREMARK8

Thesuccessfuluseoffinsindicatesonewayof solvingthescresm-
ingproblem.Also,furtherinsightintothenatureofthescreaming
problemmaybe gainedfromtheapp=entlycriticalplacementofthefins.
Althoughthechanhersover31incheslongscreamedinspiteoftheuse
of4-inch-longfins,longerfinsshouldbe triedtoestablisha possible
minhmxnratiooffin,lengthto chaniberlength.It isapparentthat,
sincetheinjectorcontrolstheregionofheatrelease,thepositionof
finsforbestattenuationwillbe a functionof injectordesign.

.
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It is not to be construedthat the fin methodof attack is the only
probablymanyconfigurationsmightbe equally effective. Other

w
one -
devices shouldbe tried andsomeof themmightincorporate engine com-
ponentssuchas part of the injector. Probablythe mostelegant solu-
tion wouldbe to obtain a nonscreamingheat-release schedulein the

=

chaniberby altering the physical andchemicalproperties of the
propellants.
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189

4.4
---
4.5
4.5
4.6

20 3.5
21.5 9.5
23 --—
23 18.0
23 18.0

4 4m Steel
4 4xl steel

Ncme — Plastla
4 4M. Steel
4 4= Steel

Lateral
Latamal
Lcm@tudina3
Lateral
Latar81

325 I 843
777

% 770

301 I 771 4.66’

4.17
4.22
4.37
4.22

4.18
4.21
3.84
4.01
4.45

—-
4.87
4.49
4.42
4.06

4.57
4.40
4.26
4.17
4.28

170 4.6

5.1
5.0

;:2

5.0
5.0
4.7
4.8
4.4

Sl10
4930

E$
4910

47s0
4850
4S60
Slso
5360 +

23 S.q
8.OJ

25
25 :::
25.5 13.5
26 --—

26 17.5
26 17.5
28
22 =:
22 22.5

:] 4xl Steel

4xl Steel
4 4xl Steel
4 4xl Steel

None — Steel

LatW?al

305 963
285 955

837
?2 997

190
189
194
191

Lateral
Lateral
k-al
Lateral

T 937
% 937

810
3s2 897
32a 8m

189
1s8
171
195
2J0 tt

; R [:1
None---Steel
None --- Plastic
4 4m Plaatlo

Lcm.Qtudlnal
Laqitudfnal
Lateral
Lmsftudlnal
Lmsitudhal

T30 14.5
30 12.0
30 16.5
30 14.5
30 14.5TF4Xl Steel

: 4Xl Steel
4 4= Steel
4 4fl Stael
4 4%1 Steel

4 4xl Steel
4 4XJ.Steel
4 3%3.Steel
4 4xl Steel
4 4xl Steel

Lateral
Lataral
Lateral
Iateral
Lateral

I.atai-al

-—
= 772
302 773
272 887
--- 915

---
175
168
174
163

z;
;::
5.0

5.1
5.1
5.1
5.3
5.1

—
4780

4430
----

4710
4640
47!W
4750
4350

170
ls3
165
175
168 T30 14.5

30 14.5
30 14.5

22.0
:: 8.0

2a7 665
843

2; 835
305 9=
276 883

Lateral
Lateral
Lateral
Lataral

tt

4 2xl Steel
N.ne --- Steel
4 2xl Steel
4 3n Steel
4 3Xl SteelT271 802

as 881
286 635
287 843
2s3 88s

I&alla
Lateral
Lateral
Lateral
Lateral

3.85
4.77
4.71
4.55
4.41

167
175
164
165
171

4.8
4.9
5.1
5.1
5.1

48704s30
4700
4710
4700

32 15.0
32 - —--
32 12.5
32 11.5
32 13.0

2S6 871
286 90’9
2S8

4.51
4.47
4,48

169
182
175

5.1
5.0
5.1

4700
4860
4750 m Lateral

Lateral
Laterti

aAllrim,1/2in.thick;dl 4x1x1/2rinsplottedin rig.11.
%lastioandsteel.
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Annulartriplet-impinse=ntinjector
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.

i

-35690

SectionA-A

Crosssectionofonesetofpropellantorifices.Injectorring
contains24setsoforifices.

Figure5.-Annulartriplet-impingementinjector
engineusingWIINAandJP-4fuelaspropellant.
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Figure 6. - Schematic illuetratlon of optics ef mevin&film streekphotography.
h!+% of windowslitla representedon filmat ‘mm &lfferenttimes,t, and t9.

If, during urrifermvulocityof film,a brightlightmuveslinearlywithintbe
combustioncheaherfromX to Y, the eolldMne (resultantef ccmbinedfilmand
brightlightmotions)willbe tracedon the film.
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Figure7. - Performamceof1000-pound-thrustrocket engine
usingWFNAandJW4 fuel as propellants. Plastic liner
runssre uncorrectedfor massflow or heat of cmnbustion
from liner erosion andburning.
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Figure8. - Effeotoffinpoaltlononpre~entionofrooketeoreamhgOaoille.tione.
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Figure9. - Variationoflongitudinaloscillationfrequency
offinnedchsmiberswithchmiberlength.Solidlinesare

basedontheeqyationf = 0.36n ~ where f isfre-

quency;n, orderofoscillation;C*,characteristicve-
locity;and L, chaniberlength.

.

●

CONFIDENTIAL



. .

I I
I I

Tie r-aim cbsa.m

w ‘ prt or c-
+–’–––– ;.00, .

I —L———
_- —--

=“ ~I I ‘-’–--–-––

I I 1=-kb~d at
I

I I

,;. .,’. ,./

bm+!tbdral m. ,11.t bra r+rtilbq rm.A 2].
. . . .

,,, ,, .,.,

ii!

N
F



N
N

,

TTII
-------..

E&
w

11 ~=~.-------
----—---—

B1’+‘-------
19

TT!
----.___

zd’

2$”

g

!. /-”
/----

.

--_- —- -

~,;-+ ----;

—Tsm —

?l@w u. - st* QhOlggha mwlw M-IIIS ~ion O=lllmticlnld luqvud-tlnnst K&et

WUewdmtilu -w,.

. .
,,, ,,, :, ,,,, .i

Zois ● 4



“ , 3402 * ,

. ----- .—— — —-—

&nd SBW= be=wn
‘xx vlndow 81 I LB

‘.. ,

‘x
‘1 .

/“

/“---
,/’

./ N

C-SW::

—T;DB~

Fi8ure12. - mre8k @OtOgraphBahOvlW int=-uctloncu lateralUn3 lcuwitndiral0mll18ti0m & Cabm-tiun
in KW-pmml-thnwt rocketangim ming W and W-4 fuel88 bucgellante;run Z9.

E!

N
C_A


